Objective: The aim of this study was to summarize the evidence of health literacy and health outcomes in hypertensive patients. Methods: Articles published in English were searched from six databases: MEDLINE, CINAHL, Embase, ERIC, psycINFO, and SCOPUS. The articles published up to September 2017 were included. Results: Nineteen publications were included in the review. There was quality and consistent evidence that hypertensive patients with lower literacy had poorer knowledge. There was inconsistent evidence to show the relationship between health literacy and clinical outcomes, of systolic and diastolic blood pressure, and blood pressure control; behavioral outcomes, of self-care, self-efficacy, adherence; patientphysician interactions outcomes, of patient-physician communication, patient trust, involvement in decision making and other outcomes. Conclusion: The person with low health literacy is likely to have poor knowledge of hypertension. However, there is insufficient evidence to suggest that health literacy is associated with outcomes of hypertension independently.
Introduction
Health literacy (HL) is the degree to which individuals have the ability to obtain, process, and understand basic health information and services needed to make appropriate health care decisions [1] . People with adequate HL have the ability to read and understand educational written materials (functional skills); to communicate with health care professionals (interactive skills); to make appropriate health decisions (critical skills); and to measure medication dosages (numeracy skills) [2, 3] . Low HL is recognized as a major risk factor in blood pressure control and has adverse effect on health outcomes [4e6] . Low HL rate is much higher in minority groups, among people who are poor or with less education or whose native language is not English in immigrant countries [7e9] .
It is predicted that about 1.5 billion people worldwide will live with hypertension by 2025 [10] . Hypertension may cause stroke, heart disease [11] , and renal dysfunction as a major risk predictor [12] . The global disease burden study showed that hypertension was the leading risk factor for disability-adjusted life-years among diseases [13] . Elevated blood pressure is a major public health problem worldwide [14] . Although extensive knowledge about ways to prevent and treat hypertension, its global incidence, and cardiovascular complications are not reduced, partly due to inadequacies in prevention of the disorder [15] .
Hypertension can be controlled by changing lifestyles, such as increasing physical activity, keeping healthy weight, and having healthy diet [16] . So that it needs good self-management. In fact, the hypertensive patients will need to have higher HL in order to better understand the printed health educational materials. Although hypertensive patients with low HL could follow instructions with pictures, they can't communicate with health care professionals well [17] . In recent years, there have been increasing studies that focus on HL and health outcomes. However, research provides different and even conflicting results on hypertensive patients' blood pressure control, medication adherence and others.
Aims
To better understand the relationship between HL and health outcomes on hypertension, we conducted the integrative review.
Methods

Literature search methods
We conducted a search through MEDLINE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Education Resources Information Center (ERIC), Embase, psycINFO, and SCOPUS databases. The searching time was from data base to September 2017. The searches were not limited to any type of published paper. Numeracy is a component of HL. But previously, numeracy and HL were used separately. If we excluded, it would have eliminated research studies worthy of examination. Adequate numeracy skills are very important for proper dosing, weight monitoring, management of sodium intake, and higher-level self-management skills such as titrating diuretics. The search strategy included Mesh and keywords that broadly represented the patient population under study ("hypertension" OR "high blood pressure" OR "elevate or raise blood pressure"), the terms that would capture the patients' abilities ("health literacy" OR literacy* OR "numeracy") and the names of HL instruments, such as the Rapid Estimate of Adult Literacy in Medicine ("REALM"), the original form of the "TOFHLA", the Short Version of the Test of Functional HL in Adults ("S-TOFHLA"), the Newest Vital Sign ("NVS"), the Medical Achievement Reading Test ("MART"), and the Short Assessment of HL for Spanish-speaking Adults ("SAHLSA"). Combined using the Boolean operator AND. Electronic searches were supplemented by manual searches.
Articles were included if (1) the sample included hypertensive patients with adult (aged 18 and over), (2) they focused on the relationship between HL or numeracy and health outcome, (3) they were published in English language, and (4) they were full-text articles. As low HL is very common in minority groups in immigrant countries, whose official language is English, so only English language studies were selected. The studies were excluded as follows: (1) the sample didn't just involve individuals with hypertension, (2) the studies didn't use any health literacy instrument, (3) the studies didn't report any of the outcomes of interest.
Search outcomes
Totally 1,297 citations were yielded across all databases (see details in Fig. 1 ). Additional one study was included through the reference list screen. After removal of duplicates, 860 remained. Titles and abstracts were screened for relevance, and the main reason for the exclusion was that the article did not address HL or numeracy in people with hypertension. Based on that, 132 publications were included for full-text review. Of these, 19 publications met our criteria and were included.
Data abstraction and quality assessment
Two reviewers screened the identified articles, read the full text of included papers, and performed data abstraction and quality assessment separately. A third author served as an adjudicator to help resolve discrepancies between the first two reviewers.
The general characteristics of the articles included design, HL measurement, quality rating, study sample, outcomes, analysis, and variables used in multivariate analysis (Table 1) . We summarized evidence on the outcomes, including: clinical, behavioral, patientprovider relationship, and other outcomes. When data from the same study was presented in more than one manuscript, the recent publication would be chosen. Since all the identified studies were observational, each article was rated based on the criteria in the quality rating for observational studies by the Agency for Healthcare Research and Quality (AHRQ) [18] (Appendix A). The quality of studies was rated by 2 reviewers separately. The inter-rater agreement for including or excluding articles was 92.67% and Cohen's kappa was 0.84 (95%CI: 0.61e0.97).
Results
Characteristics of included studies
All of them addressed the relationship between HL and health outcomes, and only one article addressed numeracy. All of the studies were cross-sectional and there were no intervention studies. Participants in all included articles were diagnosed with primary hypertension. However, whether the patients were in different grades of hypertension was not reflected. Fourteen studies were conducted in the United States, 2 were in China, 1 was in Singapore, 1 was in Thailand and 1 was in Korea. The mean age of patients was from 47yr to 72yr, and the sample sizes were from 45 to 23,483. The majority of studies focused on ethnic minority (African-American, Hispanic-American), low income or vulnerable populations.
HL and numeracy measures
The investigators used a different measurement to assess patients' HL status, and classified HL according to different levels or thresholds -either as a continuous measure or categories. HL was usually classified into inadequate, marginal, adequate or low versus adequate. Some studies combined inadequate and marginal HL into one category. In most of the studies, the analysis paid attention to the differences between the lowest and highest HL. The use of different research instruments (research questionnaires) in different included studies may be an important reason for contributing to different research findings across studies. The commonly used research instruments for HL assessments in the included studies were REALM, TOFHLA, S-TOFHLA, TOFHLA Singapore and SAHLSA, which were just used to assess the patients' functional HL (reading and numeracy ability). Research instruments such as NVS and BHLS were also used in four of the included studies, which could assess the patients' interactive and critical HL. The three-item numeracy scale was used in one study to assess patients' numeracy.
HL and health outcomes
Twenty two health outcomes were divided into four aspects: Clinical, behaviors, patient-physician communication, and other outcomes (see details in Table 2 ).
4.3.1. HL and clinical outcomes 4.3.1.1. Systolic and diastolic blood pressure. Four studies examined the relationships between HL and systolic and diastolic blood pressure. Persell et al. used multivariable logistic regression to examine the relationship between HL and blood pressure. The model showed that HL was not associated with systolic and diastolic blood pressure after adjusting for age and household income [19] . For systolic and diastolic blood pressure, in a multivariable logistic regression model, HL was not significantly associated with systolic and diastolic blood pressure [20] . However, Wannasitikul et al. used structural equation modeling to identify the relationship between functional HL and systolic blood pressure, and found that functional HL had the significantly largest negative direct effect on systolic and diastolic blood pressure level (b ¼ À0.14, P＜0.05) [21] . In contrast to these findings, Willes et al. compared systolic blood pressure between two groups-encounters with BHLS 9 and BHLS!9 found that no significance between two group, however, in multivariable linear regression model, the BHLS sum scores is significantly associated with systolic and diastolic blood pressure [22] .
4.3.1.2. Blood pressure control. Eight studies examined the relationship between HL and blood pressure control. Panit et al. used multivariable analyses to examine the relationship between HL and blood pressure control, and found that low HL was significantly associated with uncontrolled blood pressure [4] . Aboumatar et al. found that a lower percentage of patients with low versus adequate HL had controlled blood pressure [23] . In both unadjusted and adjusted logistic regression, HL was found to be an independent predictor of uncontrolled blood pressure [24] . In adjusted multivariable analyses, Willens et al. found that patients with higher HL had slightly lower odds of controlling blood pressure [22] . Hall et al. used Hierarchal and logistic regression to identify the relationship between HL and blood pressure control, and found that higher HL was associated with better blood pressure control [25] . In both unadjusted and adjusted logistic regression, Bosworth et al. found that low HL was significantly associated with poor blood pressure control [26] . In a multivariable logistic regression model, Shi et al. found that higher HL was associated with the higher rate of hypertension control [27] . Ko et al. used Chi-squared test to examine the association between HL and blood pressure control, and found that the achievement of target blood pressure was not associated with HL level [28] .
HL and behavioral indicators and patient-reported outcomes 4.3.2.1. Hypertension knowledge.
Five studies elucidated that lower HL was associated with less hypertension knowledge; three of which controlled for confounders [4, 20, 29] and two of which did not [28, 30] . Panit et al. used multivariable analyses to examine the relationship between HL and hypertension knowledge, and low HL was found to be a significant independent predictor of poorer hypertension knowledge [4] . Ko et al. used Independent t-test to examine the association between HL and hypertension knowledge, and found that the hypertension knowledge scores were significantly associated with HL level (P＜0.001) [28] . In a multivariable linear regression model, Willams et al. found that hypertension knowledge was strongly related to HL [20] . In multivariable analysis, Gazmararian et al. found that patients with inadequate HL knew significantly less about their disease than those with adequate HL [29] . Osborn et al. performed path analyses to identify the relationship between HL and hypertension knowledge, and found that higher HL scores were associated with more hypertension knowledge [30] . 4.3.2.4. Self-reported completeness of home blood pressure monitoring. An adjusted study [31] found that the completeness of home blood pressure monitoring was not associated with HL level.
In an adjusted logistic regression model, Rao et al. found that HL a Indicates that the study found a significant association between health literacy level and the outcomes. b Indicates that the study did not find a significant association between health literacy level and the outcomes.
was not associated with completeness of home blood pressure monitoring, which was calculated as the percentage of total number of recorded measurements that were supposed to be taken by the patients during the 2 week period that patients performed home blood pressure monitoring [31] . 
Involvement in decision making
In generalized linear model regress analysis, Aboumatar et al. found that patients with low or adequate HL had no significant differences in their desire of making medical decision with their physician [23] .
4.3.5. Other outcomes 4.3.5.1. The number of medications to be consumed. In a multivariable logistic regression model, Persell et al. found that no significant differences between HL and the number of antihypertensive agent that was consumed by patient [19] .
4.3.5.2. The ability to identify medication by name. Persell et al. used multivariable logistic regression analysis to identify the relationship between HL and the ability to identify their medication by name, and found that patients with higher HL had more possibility to identify their medication by name [19] . Lenahan et al. performed generalized linear models analysis, and found that HL was associated with the ability to properly name medications [34] . 
Numeracy and health outcomes
Only one research examined the relationship between numeracy and health outcomes (see details in Table 3 ).
In an adjusted logistic regression model, Rao et al. found that higher numeracy was associated with more completeness of home blood pressure monitoring [31] .
Limitation of included studies
Several discrepancies were found in our research. First, the measuring tool [37] and the marginal values between different HL levels were different [38] . The psychometric properties of the instruments in the included studies were different. Most of them focused on functional skills, and only two instruments assessed the patients' interactive and critical HL. Second, only several articles in the review were solely focused on hypertensive patients, while others included patients with other disease, such as diabetes. The target for systolic blood-pressure is different between patients with hypertension and diabetes. Third, there were limited articles addressed the relationship between HL and self-efficacy, patient trust and decision making.
Furthermore, there was another underlying factor for the discrepancy. It was adjusting for confounding factors which can help analyze the cause of poor health outcomes [39] . Most of the articles adjusted for age, sex, nation, income, and educational level. However, a few articles also adjusted for hypertension duration, attending classes about the disease condition and many others. There were likely to be over adjustment, if the factors were the intermediate variable between HL and outcomes [40, 41] .
Discussion
The purpose of our study was to summarize the evidence of HL and health outcomes in hypertensive patients. We identified several outcomes associated with HL in hypertensive patients. The relationship between HL and hypertension knowledge was evident. This could help improve knowledge of hypertensive patients.
All the included studies were cross-sectional and there were no intervention studies. A potential cause for investigators' preference for conducting non-experimental studies rather than experimental and interventional studies may be due to the unclear relationship between HL and health outcomes.
Most of the studies conducted in the developed countries, and only three research conducted in developing countries. Further research is needed to conduct in developing countries and focus on intervention. The registered nurses worked in these countries also have the responsibility of knowing the HL level in hypertensive patients and take measures tailored to the patients.
In our study, many researchers believed that patients with higher HL were likely to have more knowledge [4,20,28e30] . It is not surprising, as literacy skills embody one's ability to obtain, and comprehend health information [42, 43] .
With regard to self-care, two studies showed that it was not related to HL. The result was different from previous studies [44, 45] . This was partly because of the previous studies were based on an elderly sample.
Kripalani found that patients with adequate literacy were more likely to identify their medications by name [46] . We got the same results. It was due to patients with limited literacy often rely on pill characteristics for identification [47] .
With regard to quality of life, Wang et al. found that hypertension markedly impaired quality of life, and comorbidity further deteriorated quality of life [48] . It was due to HL influenced the mental component summary.
In our research, several differences were found between HL and clinical outcomes (systolic or diastolic blood pressure and blood pressure control). Two studies that controlled for confounders (age, gender, race, educational and financial situation) showed that HL was not associated with systolic or diastolic blood pressure [19, 20] . The other adjusted study [22] revealed that higher HL was associated with higher systolic or blood pressure. On the contrary, another adjusted study [21] found that higher health literacy was relevant to lower systolic or diastolic blood pressure. This was probably because the patients and instruments involved in these studies were different. Further studies are required to further identify the relationship between them.
Also, there were limited articles concentrate on the relationship between HL and patient-physician interaction and other outcomes. Future studies would be focused on interactive skills, critical skills, and numeracy skills in hypertensive patients.
There were also systematic reviews of HL and health outcomes. Most of them focused to investigate the patients from specific study population [49e52], such as older Latinos with heart failure [53] , diabetic patients [54] , and emergency room patients [55] . Others focused to investigate the relationship between HL and cost, and the use of health care service [56] . All have shown similar results on the relationship between HL and knowledge.
Conclusion
Our review indicates that the current understanding of the relationship between HL and health outcomes on hypertensive patients is limited. We found that the person with low HL is likely to have poor knowledge of hypertension. However, it is insufficient to say that HL is associated with hypertension-related care outcomes independently.
Further studies can build on previous work to further clarify the relationship between HL and health outcomes not only in developed countries, but also in developing countries. More HL instruments (research questionnaires) should be used to measure the patients' functional, interactive, numeracy and critical skills to rich the results. Future work should also examine more closely whether poor HL is the cause of adverse outcomes in hypertensive patients or it is just a marker for other problems which are the actual causes of poor health.
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